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Methyl esters of the fatty acids obtained by saponification of human skin surface lipids 
were subjected to thin-layer chromatography on silica gel-silver nitrate revealing the 
presence of trans-monounsaturated components constituting approximately 0.3% of the total 
fatty acids. The positions of unsaturation in the I8-carbon trans-unsaturated acids in 2 
subjects resembled those present in the corresponding acids from margarine, although this 
was not a component of the diet of one of the subjects. Dietary origin is possible for these 
components, which could also arise from bacterial action in the pilosebaceous follicle. 
Human skin surface lipids have been found to 
contain an exceptionally complex mixture of fatty 
acids , including unusual chain structures and 
positions of unsaturation, as summarized in a 
recent review (1]. Many studies of these lipids have 
been prompted by their possible involvement in 
acne [2] . Recent reports have indicated that the 
surface lipids of acne patients contain a lower 
proportion of linoleic acid than the surface lipids of 
normal subjects [3,4]. This observation required 
the separation of the methyl esters of skin lipid 
fatty acids into saturated, monounsaturated, and 
diunsaturated fractions by chromatography on a 
thin layer of silica gel containing silver nitrate. In 
many of these separations we noticed that a small 
proportion of the material migrated in the region 
midway between the saturated and monounsatu-
rated methyl esters. This report describes the 
isolation and complete identification of this mate-
rial as a mixture of trans-monounsaturated fatty 
acid methyl esters. 
METHODS AND RESULTS 
Collection of surface lipids. Bulk samples re-
quired for the identification procedure were ob-
tained from two adult male subjects. The subjects 
shampooed their hair with 0.1% sodium lauryl sul-
fate solution and one day later 500 ml of ether was 
poured over the scalp and hair into a basin . Each 
extract was then filtered and the solvent removed 
on a rotary evaporator. 
Preparation of the fatty acid methy l esters . 
Each sample of scalp lipid was saponified by re-
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fluxing for 1 hr in 20 ml of 0.5 N KOH (95% aque-
ous methanol) and 10 ml of benzene. Fifty percent 
aqueous methanol (40 ml) was then added to the 
mixture and a three-stage countercurrent washing 
procedure was used to extract the unsaponifiable 
material into hexane. The combined aqueous 
layers were acidified with H 2 S0 4 and another 
three-stage countercurrent washing procedure 
was used to extract the fatty acids into hexane. 
The combined hexane layers were dried over Na 2 -
SO 4 and the solvent was removed on a rotary evap-
orator. The resulting fatty acids were esterified by 
refluxing for 3 hr in 50 ml of methanol and 1 ml of 
concentrated H 2S0 4 , Water (50 ml) was then 
added and the methyl esters were extracted into 
hexane . The solution was dried over Na 2S0 4 and 
the solvent was removed on the rotary evaporator. 
Fractionation of methyl esters by chain length. 
Preparative gas-liquid chromatography (GLC) was 
used to separa te the methyl esters by chain length, 
using a 22-foot x 0.375-inch column packed with 
10% SE-30 silicone gum on Chromosorb W. The 
column temperature was programmed from 150° 
to 300°C at 3 ° per min. Methyl esters of increas-
ing chain length were collected in glass cartridges 
packed with dry, ether-washed Celite (100 mesh) 
contained in a gas chromatographic fraction col-
lector (Packard Instrument Co., Inc ., Model 850). 
The fractions were then eluted from the cartridges 
wi th 8 to 10 washings of redistilled ether. 
Separation of methyl esters by degree of unsatu-
ration. The C 16 and C 18 methyl esters were sepa-
rated by degree of unsaturation on 20 x 20 cm 
glass plates coated with a 0.25-mm layer of silica 
gel H (Merck) containing 10% AgN0 3 • The chro-
matograms were developed in benzene, dried, and 
sprayed with 2',7' -dichlorofluorescein (Eastman 
Organic). Each chromatogram was examined un-
der ultraviolet light and a faint band between the 
saturated and cis-monounsaturated methyl esters 
was scraped off into a small glass column, from 
which the lipids were eluted with 8 to 10 washings 
of redistilled ether. These materials were analyzed 
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by GLC at 175°C on a 6-foot x 0.25-inch glass 
column packed with 12% poly(diethylene glycol 
succinate) (DEGS) on Chromosorb W. A portion of 
the material from argentation thin-layer chroma-
tography (TLC) of the C 18 methyl esters produced 
a peak at essentially the same retention time as 
methyl oleate. Gas chromatography after reduc-
tion with hydrogen, using a platinum catalyst in 
ether, produced a peak at the retention time of 
methyl stearate. The absence of significant ab-
sorption near 234 nm in the ultraviolet spectrum 
of the C 18 methyl esters eliminated the possibility 
that conjugated un saturation was present. In the 
infrared spectrum a peak at 10.3 ,um, similar to 
that obtained for methyl elaidate, confirmed that 
the material under investigation was trans-mono-
unsaturated. 
With the corresponding C 16 methyl ester fraction 
from preparative GLC and AgN0 3-TLC, analyti-
cal GLC before and after reduction with H2/Pt 
indicated straight-chain monounsaturated mate-
rials. 
TABLE I. Proportions (wt %) of positional isomers in the 
cis and trans C 16 fatty acids from human skin surface 
lipids and bovine milk fat 
Subject A Subject B Bovine milk Double bond fat [7] 
position 
CIS trans CIS trans CtS trans 
3 
4 2.2 3.3 
5 3.8 3.4 2.2 
6 94.2 89.5 94.5 70.5 1.3 7.8 
7 4.5 16.6 5.6 6.7 
8 5.8 5.5 6.3 5.0 
9 88.7 32.8 
10 1.7 
11 2.6 10.6 
12 12.9 
13 9.7 
14 10.6 
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Analysis of positional isomers. The relative 
amounts of the positional isomers in the C 16 and C 18 
trans-monounsaturated fatty acid methyl esters 
from the scalp lipid samples were measured by the 
technique of Downing and Greene [5]. Thus, sam-
ples of the methyl esters were oxidized with 
(NaI0 4 /KnMn0 4 in 30% tert-butanol, and the 
methyl esters formed by pyrolysis of the tetra-
methylammonium salts of the mono- and dicar-
boxylic acids resulting from oxidation were ana-
lyzed by GLC. The column used was 3 ft x I K 
inch, packed with 9% SE-30 silicone gum and 1% 
DEGS on Chromosorb W [5] and the temperature 
was programmed from 50°C to 200°C at 10° per 
min. The relative peak areas of the resulting mono-
and diesters were determined with a digital inte-
grator (Columbia Scientific Industries, Model 204). 
The areas of the mono- and diesters of the oxida-
tion fragments were used to calculate the relative 
amounts of positional isomers, as shown in Tables 
I and II. The relative amounts of positional isomers 
in the cis-monounsaturated acids from the scalp 
lipids were measured by the same procedure 
(Tabs. I, II). 
Analysis of trans-monounsaturated fatty acids 
in margarine. One of the subjects (A) had for 
several years used one brand of margarine as a 
butter substitute for all culinary purposes. Since it 
was realized that margarine can be a major source 
of dietary trans-monounsaturated fatty acids [6], a 
sample of this margarine was analyzed in the same 
way as the human skin surface lipids. The trans-
monounsaturates of the C 18 fatty acid methyl 
esters were oxidized as above and the relative 
amounts of the positional isomers are given in 
Table II. No trans-monounsaturates could be de-
tected in the C 16 fatty acids. The other subject had 
for many years been a heavy user of natural butter 
only, which also is known to contain trans-
unsaturated fatty acids [7] as shown in Tables I 
and II. 
Examination of isomerization during GLC frac-
tionation. Since there was a possibility that trans 
TABLE II. Proportions (wt %) of positional isomers in the cis and trans C 18 fatty acids from human skin surface lipids, 
butter, and margarine 
Subject A Subject B Margarine Bovine Double bond (margarine diet) (butter diet) milk fat [7] 
position 
CIS trans CIS trans CIS trans CIS trans 
5 
6 11.3 4.8 3.8 3.0 1.0 
7 3.0 2.7 2.0 0.8 
8 60.7 15.4 49.1 9.4 3.6 9.7 1.7 3.2 
9 25 .3 29.2 39.7 20.6 75.7 19.8 95.8 10.2 
10 2.7 19.1 3.7 21.2 5.8 23.7 10.5 
11 16.6 3.7 19.6 7.7 19.6 2.5 35.7 
12 4.9 7.5 7.2 12.6 4.1 
13 4.1 6.7 8.5 10.5 
14 3.1 4.4 4.1 9.0 
15 4.9 6.8 
16 7.5 
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fatty acids were produced by isomerization of cis 
monoenes in the preparative GLC, the following 
two approaches were made to examine the possibil-
ity. 
1. To isolate trans monoenes without the use of 
preparative GLC, a small sample of scalp lipid (30 
mg) was transesterified with BCla/CHaOH. TLC 
was used to isolate the methyl esters, followed by 
argentation TLC to separate and collect the mate-
rial migrating in the region appropriate for trans-
unsaturated methyl esters. This material was then 
analyzed by quantitative analytical GLC on a 
6-foot glass column packed with 12% DEGS at a 
temperature of 175°C, using methyl stearate as an 
internal standard. This analysis indicated that the 
original sample contained C 16 and C 18 trans-
monounsaturated acids (19 and 36 f.,Lg, respec-
tively) . 
2. Methyl oleate (Hormel Institute) was sepa-
rated from any polar impurities by passage 
through a silica gel column (lOO-mesh) in hexane. 
A portion of the methyl oleate was then subjected 
to preparative GLC under the conditions used for 
fractionation of the scalp-lipid methyl esters. Pre-
parative argentation TLC was then carried out on 
both the original, purified methyl oleate and that 
collected from preparative GLC. In each case, the 
material above the methyl oleate band, in the 
region where trans-unsaturated material would be 
expected, was recovered and subjected to quantita-
tive analytical argentation TLC with benzene as 
the developing solvent. Methyl stearate, methyl 
elaidate, and methyl oleate were used as reference 
compounds in measured amounts. The developed 
chromatograms were then charred and quantitated 
by photodensitometry [8]. The trans-unsaturated 
material was equivalent to 0.03% of the methyl 
oleate which had been subjected to preparative 
GLC, whereas the C 16 and C 18 monounsaturated 
methyl esters from the scalp lipid contained 1.0 
and 1.7 %, respectively, of trans-unsaturated com-
ponents. 
DISCUSSION 
Although trans-unsaturated fatty acids have not 
previously been found in human skin lipids, their 
occurrence in human internal organs, where they 
constitute up to 14% of the total fatty acids, is well 
documented [9-11]. It has been concluded that in 
these organs the trans-unsaturated compounds are 
of dietary origin, since it is known that margarines 
(6] and the fats of ruminant animals (7] are rich in 
trans-unsaturated fatty acids . The amounts of 
trans acids that we have identified in skin surface 
lipids are considerably lower than have been found 
in internal organs, indicating that circulating lip-
ids are not readily incorporated into sebum. The 
two subjects studied had long maintained different 
diets with respect to the use of margarine or butter, 
which differ significantly in the distribution of the 
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positional isomers of trans-unsaturated acids. 
However, the two subjects did not differ greatly in 
the composition of the C 18 trans acids, which in 
both cases resembled the mixture from margarine. 
We did examine the possibility that some cis to 
trans isomerization occurred during preparative 
gas chromatography and found that not more than 
2% of the trans acids obtained from sebum would 
have been produced in this way. Furthermore, the 
relative proportions of the positional isomers were 
quite dissimilar in the cis and trans fatty acids. 
It must also be considered whether the trans-
unsaturated acids may have been produced by 
chemical isomerization during the analytical pro-
cedures. This seems unlikely, since the trans acids 
were present in similar concentrations when BCla-
catalyzed trans esterification was substituted for 
alkaline hydrolysis of the sebum followed by 
H 2S0 4-catalyzed methylation of the liberated fatty 
acids. 
We conclude, therefore, that the trans acids are 
truly a constituent of the skin surface lipids . While 
they may arise from dietary fats it is also possible 
that they are produced in the pilosebaceous follicle 
by bacterial action. Under the anaerobic condi-
tions existing in the follicle, resident organisms 
could partially hydrogenate polyunsaturated fatty 
acids to trans monoenes in the same way that such 
compounds are produced in the alimentary tract of 
ruminant animals. 
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